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The double-charm baryons with the components of
two heavy charm quarks and one light quark, are in a
big family of hadron spectroscopy predicted in the quark
model. The studies on them are helpful to understand
the hadron structure and the nature of the strong interac-
tion. With the efforts of searches for decades, the exper-
imental measurements achieved a breakthrough with the
first observation of double-charm baryon of Ξ++
cc
(ccu) via
Ξ++
cc
→ Λ+
c
K−pi+pi+ by the LHCb collaboration in 2017
[1]. Since then, the LHCb collaboration has been lead-
ing the experimental studies for doubly charmed baryons
[2–6], due to their significantly large production in the
Large Hadron Collider (LHC). A very recent measure-
ment is performed by LHCb to search for Ξ+
cc
(ccd) in the
final state of Λ+
c
K−pi+ [5], though no significant signal
is observed.
The decay properties play an important role in the
experimental searches of doubly charmed baryons. The
lowest-lying ground states of double-charm baryons can
only decay weakly. Two aspects of weak decays are essen-
tial in the relevant studies: the exclusive decay processes
and the total decay widths (or lifetimes).
To search for a new particle, we have to select a most
favorable process. The first report on the evidence of
doubly charmed baryon was given by the SELEX collab-
oration in the process of Ξ+
cc
→ Λ+
c
K−pi+ in 2002 [7].
However, this result has never been confirmed by any
other experiments such as the FOCUS, BABAR, Belle
and LHCb collaborations. Especially at the beginning of
the LHC running with the expected largest production
of doubly charmed baryons until 2013, no significant ev-
idence was found by LHCb using the same process of
Ξ+
cc
→ Λ+
c
K−pi+ as what SELEX did [8]. In the early
2017, benefited by the precise measurement of Λ+
c
decays
by BESIII[9, 10], the theoretical studies on the decays of
doubly charmed baryons pointed out that the best pro-
cesses for their searches are Ξ++
cc
→ Λ+
c
K−pi+pi+ and
Ξ+
c
pi+ [12]. They have the largest branching fractions
among all the decay channels of double-charm baryons,
with all charged final particles to be easily detected at
LHCb. The process used by SELEX is actually mislead-
ing to the following experiments. With the above sugges-
tion, it achieved the first observation of Ξ++
cc
in the final
state of Λ+
c
K−pi+pi+ in 2017 [1], and its confirmation via
the process of Ξ++
cc
→ Ξ+
c
pi+ in 2018 [2]. An interest-
ing check is given that using the 2012 data of LHCb, it
can still significantly observe the double-charm baryon
via Ξ++
cc
→ Λ+
c
K−pi+pi+ [1]. The discovery of doubly
charmed baryon was postponed by around five years due
to a misleading process used at the beginning.
After the observation of Ξ++
cc
, it is worthwhile to
search for Ξ+
cc
which is expected with the same pro-
duction as that of the former one [11]. The process of
Ξ+
cc
→ Λ+
c
K−pi+ is predicted to be the most favorable
one among all the decay modes of Ξ+
cc
[12–14]. With
the data of a total integrated luminosity of 9 fb−1 col-
lected by LHCb, no significant signal of Ξ+
cc
is observed
[5]. Compared to the observation of Ξ++
cc
using only 1.7
fb−1 [1], it might indicate the smallness of the lifetime of
Ξ+
cc
.
The lifetime is the other important feature to search
for double-charm baryons at the hadron-hadron colliders.
Firstly, the branching fraction of an exclusive decay is
proportional to the lifetime, Bi = Γi · τ . With the same
decay dynamics, i.e. the same partial width, a shorter
lifetime leads to a smaller branching fraction, along with
less signal events. Secondly, at the hadron-hadron collid-
ers such as LHC, a shorter lifetime of a particle implies
a shorter distance between its primary and secondary
vertices. In the case that the production vertex is close
to the primary vertex in the hadron-hadron collisions,
the backgrounds would be larger making the observation
more difficult. The feature can be clearly seen in [5], for
example that the single-event sensitivities α for the 2018
data in Table 3 are 2.36±0.34, 1.06±0.15, 0.68±0.10 and
0.52±0.08 in the unit of 10−2, for the Ξ+
cc
lifetime hy-
potheses of 40, 80, 120 and 160 fs, respectively. With the
relation of α ∝ 1/εsig, the signal selection efficiency of
the Ξ+
cc
decay is approximately proportional to the life-
time, εsig ∝ τ(Ξ
+
cc
), in the range between 40 fs and 160 fs.
Considering the above two effects, the signal events are
proportional to the square of lifetime, Nsig ∝ τ
2, in the
above lifetime range. Therefore, a particle with a shorter
lifetime is more difficult to be observed, and vice versa.
The lifetime of Ξ++
cc
is measured as large as 256+24
−22 ± 14
fs [3], while that of Ξ+
cc
is predicted in most theoretical
studies to be about three or four times smaller than the
former one [15–18], or even much smaller to be 45 fs in
[19].
Although no significant signal is observed, a small en-
hancement is seen in the Λ+
c
K−pi+ final state of Ξ+
cc
with
a local significance of 3.1σ, near the mass of Ξ++
cc
ex-
pected under the isospin symmetry [5]. It can be ex-
pected that Ξ+
cc
could be observed with larger data sam-
ples and improved trigger conditions by LHCb Run III.
Further studies on other double-heavy-flavor baryons are
also expected in both experiments and theories in the
future.
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